Equilenin-derived DNA adducts to cytosine in DNA duplexes: structures and thermodynamics.
The drug Premarin is the most widely used formula for hormone replacement therapy. However, long-term exposure to estrogens from the Premarin drug increases the risk of breast cancer. Equilin and equilenin, major components of Premarin, are predominantly metabolized to 4-hydroxyequilenin (4-OHEN). The quinoids produced by 4-OHEN oxidation react with dG, dA, and dC to form unusual stable cyclic bulky adducts, with four stereoisomers identified for each base adduct. The 4-OHEN-dC adducts are most predominant. They are mutagenic in vitro and have been found in human tumor tissue. We have carried out molecular modeling and molecular dynamics simulations to investigate structures and thermodynamics of the four 4-OHEN-dC stereoisomeric adducts in DNA duplexes. Our results show that the structure of each stereoisomer adduct in duplex DNA is specifically governed by its unique stereochemistry. The bulky adducts, with an obstructed Watson-Crick edge and an equilenin ring system near perpendicular to the damaged cytosine, are located in the B-DNA major or minor groove, with the modified cytosine in the syn or anti conformation, respectively. The DNA duplex structures are distorted, in terms of Watson-Crick pairing at and near the lesion, stacking interactions, and groove dimensions. Stereochemistry determines the orientation of the equilenin rings with respect to the 5'- to 3'-direction of the modified strand, as well as the positioning of the equilenin moiety's methyl and hydroxyl groups for each stereoisomer. The unusual structures and the stereochemical effects underlie their biological processing as miscoding DNA lesions whose mutagenic properties may contribute to breast cancer.